How the membrane trafficking system spatially organizes intracellular activities and 3 3 intercellular signaling networks is not well understood in plants. The Transport Protein 3 4
1 0 0 these assemble into TRAPP complexes is incomplete. Two Arabidopsis TRAPP 1 0 1 subunits have been characterized to some extent in plants; AtTRS120 and AtTRS130 1 0 2 (Jaber et al., 2010; Thellmann et al., 2010; Naramoto et al., 2014; Rybak et al., 2014) .
Both AtTRS120/VAN4 and AtTRS130/CLUB are required for cell plate biogenesis. Mutations in AtTRS120 or AtTRS130 cause seedling lethality and canonical 1 0 5 cytokinesis defective phenotypes, including cell wall stubs and incomplete cross walls 1 0 6 (Jaber et al., 2010; Thelmann et al., 2010; Qi et al., 2011) . Also, in both mutants, 1 0 7 vesicles accumulate at the equator of dividing cells but fail to assemble into cell plates 1 0 8 (Jaber et al., 2010; Thellmann et al., 2010; Rybak et al., 2014; Ravikumar et al., 2017) . In accordance with TRAPP localization in other organisms, AtTRS120 and AtTRS130 1 1 0 localize at the trans-Golgi Network (TGN) (Qi et al., 2011; Naramoto et al., 2014;  1 1 1 Ravikumar et al., 2017; Ravikumar et al., 2018) . Recently, in a genetic characterization, 1 1 2 the Arabidopsis orthologue of the yeast/metazoan shared subunit BET5 has been 1 1 3 shown to be essential for pollen exine pattern formation in Arabidopsis (Zhang et al., The above-mentioned studies provide strong evidence for critical functions of However, a computational study that used OrthoMCL and PGAP algorithms to find 1 4 0 vesicular transport orthologues in yeast and plant genomes, identified at least nine 1 4 1 TRAPP components encoded in Arabidopsis (Paul et al., 2014) . To further identify protein components of TRAPP complexes in plants, we carried 1 4 3 out quantitative mass spectrometry analysis of proteins associated with TRS33, a 1 4 4 subunit known to be shared by different TRAPP complexes studied in both yeast and 1 4 5 metazoans (Kim et al., 2016; Riedel et al., 2018) . We reasoned that an analysis of such Arabidopsis than has thus far been available from studies based on TRAPPII-specific 1 4 8 photomorphogenesis in the dark. To explore TRIPP's role in plant development, we performed phenotypic 2 6 9 characterization of tripp-1, an insertion allele where a T-DNA is inserted in the 5 th exon 2 7 0 of the TRIPP gene, which has 10 exons and renders a null mutation ( Figure 5A the T-DNA insertion did not exhibit a phenotype, and thus the tripp-1 mutation was 2 7 4 maintained in heterozygous plants. To confirm that the phenotypes observed were due 2 7 5 to the specific mutation in the TRIPP gene, a transgene containing the 35S promoter 2 7 6 driving a full-length TRIPP coding sequence fused to YFP was introduced by observed in the tripp-1 mutant ( Figure 5) , confirming that the observed phenotypes were 2 8 0 due to loss of function of TRIPP. Both mutant and WT bolted at similar times but 2 8 1 inflorescences were prominently shorter in the mutant ( Figure 5C ). Floral organs 2 8 2 appeared normal in the mutant, with the exception that anthers failed to produce pollen, 2 8 3 thus no seeds were produced ( Fig 5D) . The anthers of the tripp-1 mutant had a smooth 2 8 4 surface suggesting pollen development defects occur in early stages of anther 2 8 5 development. To determine whether the tripp-1 mutant has any defects in the female 2 8 6 gametophyte, WT pollen was used to pollinate tripp-1 mutant flowers. Although the 2 8 7 mutant stigma appeared normal, flowers pollinated with WT pollen did not produce any 2 8 8 seeds, suggesting that tripp-1 has defects in both male and female reproductive 2 8 9 development. Overall, the tripp-1 mutant exhibits similar sterility but weaker dwarfism 2 9 0 phenotypes compared to the trs33-1 mutant ( Figure 5E -5G). Taken together, our 2 9 1 genetic analyses indicate that TRIPP has important functions throughout plant growth 2 9 2 and development and particularly for reproductive development. The dwarf phenotype of light-grown tripp-1 mutant led us to compare tripp-1 2 9 4 growth and cell elongation in the dark versus light (skotomorphogenesis vs 2 9 5 photomorphogenesis). When seeds were placed on medium in the light, seeds 2 9 6 germinated at the same time, hypocotyl length was similar between tripp-1 and WT, but 2 9 7 tripp-1 mutant had shorter roots ( Figure 6A-6C ). Conversely, in the dark, although the 2 9 8 tripp-1 mutant and WT germinated at the same time, the tripp-1 mutant exhibited a 2 9 9
shorter hypocotyl but longer root compared to WT ( Figure 6D-6F ). Furthermore, the 3 0 0 tripp-1 mutant grown in the dark for two-weeks developed true leaves, while the WT did disrupted in tripp-1, the hypocotyl cells of dark-grown and light-grown seedlings were 3 0 3 visualized with propidium iodide staining. In the dark, tripp-1 exhibited prominently 3 0 4 1 1 shorter cells than WT, whereas light-grown tripp-1 seedlings showed similar cell size as Sequence analysis indicate TRIPP is present in streptophytes (multicellular algae 3 1 0 to flowering plants) (Supplemental Figure 5A ). TRIPP homologues are found as far as (Supplemental Figure 5C ). These analyses indicate that TRIPP might have evolved 3 1 8 early in the streptophytes, parallel to the emergence of multicellularity in plants. The endomembrane system is crucial for cellular organization and contain homologues of all thirteen mammalian TRAPP subunits. In addition, the 3 2 9 TRAPPII complex associates with an additional plant specific component, which plays Proteomic approaches provide a valuable tool for the characterization of protein-3 3 5 protein interactions and protein complexes in various organisms (Takac et al., 2017) . Surprisingly, all previous proteomic studies combined have only identified six TRAPP 3 3 7 components in Arabidopsis, in contrast to 11 and 13 subunits in yeast and animals, respectively (Drakakaki et al., 2012; Rybak et al., 2014) . For instance, in metazoans, 3 3 9 the TRAPPII complex is composed of seven 'shared' subunits and three TRAPPII- structure in yeast and animals, we focused on using an essential shared subunit 3 4 5 combined with quantitative mass spectrometry to identify TRAPP-interacting proteins. TRS33 is a shared TRAPP subunit in yeast and animals, and in Arabidopsis our initial 3 4 7
data indicated that AtTRS33 is required for the membrane association of TRS120 (a Combined with our earlier findings that trs33-1 mutants are, like trappii mutants, as with different affinity tags. Although more than 1000 proteins were detected by mass proteins showed over 2-fold enrichment by TRS33 in both replicate experiments, and no 3 6 2 RAB was found enriched in even a single experiment. It is likely that our stringent such, our high-quality SILIP-MS data identified a more complete set of TRAPP complex 3 6 6 components, some of which have not been previously reported to be present in plants.
6 7
These proteins include homologs of all yeast and metazoan TRAPP subunits, and 3 6 8 TRIPP as a new component that has homologs in multicellular photosynthetic 3 6 9 organisms but not in fungi or metazoans. Among studies of TRAPP proteins in different organisms, it is known that animals yeast (Kim et al., 2016; Riedel et al., 2018) . This suggests that multicellular organisms components. The human TRAPPC12, for example, has been implicated in kinetochore 3 7 7
assembly and mitosis through association with chromosomes (Milev et al., 2015) . Interestingly, among the fourteen Arabidopsis TRAPP interactors, TRIPP was found to 3 7 9 be specific to plants and is currently classified as an unknown protein in plant Figure 6A ). This is in contrast to other TRAPP subunits such as TRS33, Our biochemical and genetic data strongly support that TRIPP is specifically 3 8 6 associated with TRAPPII, a complex that has been shown to be involved in post-Golgi subunits that include the specific subunits of TRAPPII but exclude those of TRAPPIII. The presence of the homologs of the four animal TRAPPIII-specific subunits 3 9 1 (TRAPPC8, TRAPPC11, TRAPPC12, and TRAPPC13) in the AtTRS33 interactome but 3 9 2 not the TRIPP interactome suggests the existence of both TRIPP-containing TRAPPII indicates that TRIPP interacts with the two TRAPPII-specific subunits TRS120 and 3 9 7 TRS130, further corroborating TRIPP association with the TRAPPII complex. Consistent 3 9 8 with these molecular interactions, TRIPP co-localizes with AtTRS33 at some endosomal 3 9 9 compartments presumably in the TRAPPII complex, but is absent at a subset of 4 0 0
AtTRS33-containing endosomal compartments, which are likely TRAPPIII-specific 4 0 1 ( Figure 4C ). These results support that TRIPP is a specific component of TRAPPII. The TRAPPII complex is well conserved in yeast and animals, with the exception 4 0 3 of the TRS65 subunit, which in yeast associates with TRAPPII and in animals with TRAPPII is known to associate with the TGN, which is a hub for membrane compartments is dependent on the TRAPP complexes. The tripp-1 mutant exhibits a range of developmental phenotypes, including tripp-1 are weaker than the trs33, or trs120 and trs130 mutants, which have lethal grown tripp-1 mutant seedlings exhibit not only shorter hypocotyls but also longer roots, imaging, plants were grown on petri dishes as follows: seeds were surface-sterilized 4 4 8 with 70% ethanol+0.1%Triton X-100 for 5 mins, dried on a filter paper and then grown 4 4 9 on ½ Murashige and Skoog (MS) medium, 1% sucrose and 0.8% phytoagar. Plates with 4 5 0 seeds were stratified at 4 º C for 3 days and then placed in a growth chamber under 4 5 1 16hr light/8hr dark (or complete dark for germination in the dark) at 22 º C. The pTRS33:TRS33-MycHis and wild-type plants were grown for two weeks at 22°C Brillant blue staining, the protein bands were excited and subjected to in-gel digestion 4 9 2 with trypsin. The peptide mixtures were desalted using C18 ZipTips (Millipore) and analyzed 4 9 4 on a Q-Exactive HF hybrid quadrupole-Orbitrap mass spectrometer (Thermo Fisher) 4 9 5 equipped with an Easy LC 1200 UPLC liquid chromatography system (Thermo Fisher).
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Peptides were separated using analytical column ES803 (Thermo Fisher). The flow rate 4 9 7 was 300nL/min and a 120-min gradient was used. Peptides were eluted by a gradient Tandem mass spectrometry peak lists were extracted using an in-house script PAVA, were set as 0.01 and 0.05. 15 N labeled amino acids were also searched as a fixed 5 1 2 modification for 15 N data. Quantification was done using Protein Prospector. Note that for the IP-MS of p35S-TRS33-YFP vs wild-type or p35S-TRIPP-YFP vs wild-5 1 4 type the same method described above was used with the difference that GFP-trap 5 1 5 magnetic agarose beads (Allele) were used instead for immunoprecipitation. strains are derived from PJ68-4 (James et al., 1996) . The constructs were screened by were assayed by growth on selective plates using the HIS3 reporter, and using 1mM 3-5 3 0
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